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Abstract 
Manufacturing companies being within the transformation process into a product-service system (PSS) provider face the 
challenge that they have to build up knowledge for successfully providing services. This paper presents an approach for 
evaluating the knowledge within a company and to specify the required knowledge for providing a specific PSS. Based on that, 
the knowledge gap can be derived. The basis are Multiple-Domain Matrix (MDM) based knowledge maps that model employees 
of the companies, their tasks as well as the knowledge required for fulfilling the tasks. This paper contributes furthermore by 
enhancing the MDM-based knowledge maps by assessing knowledge levels. The approach is illustrated in a case study within a 
company of the mechanical engineering sector. 
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1. Introduction 
A product-service system (PSS) integrates product and 
service elements in one market offer [1]. The transition from 
selling technical products into providing PSS requires for 
building up new knowledge. In the first case, the knowledge 
is embedded in a technical product whereas in the second 
case, knowledge is needed for delivering services [2]. As 
described by Oliva and Kallenberg [3], that transition requires 
moving from product-oriented services to end-user’s process 
oriented services. For providing these services the provider 
needs an adequate knowledge about the end-user’s process as 
well as a deepened knowledge about the product. For example 
they need knowledge about all lifecycle phases [4]. If a 
customer does not buy a product anymore but pays for its 
usage, the ownership including the responsibility for 
maintenance and repair is remaining with the PSS provider 
and thus the provider needs amongst others a precise 
knowledge about the lifecycle costs, related risks as well as 
knowledge about the cultural background of the customer due 
to the intensified customer relationship. Knowledge is 
required for the decision on the design of the PSS, the 
scheduling and the definition of the price [5]. In consequence, 
providing PSS requires a wider and deeper knowledge. 
Manufacturing companies often have a lack of knowledge for 
providing PSS [6].  
Knowledge has a high importance for PSS providers and 
its availability is a challenge. To overcome that, Bullinger et 
al. [7] present a sketchy approach for allocating roles to 
activities within the service delivery process. They mention 
the need for specifying the required knowledge and measures 
of qualification to acquire that knowledge but they do not 
detail an approach therefore. Other authors focus on how to 
build up specific knowledge such as the prediction of 
lifecycle-costs [8]. However there is lack of an integrated 
approach for defining the entity of knowledge that is needed 
for developing and delivering a specific PSS and based on 
that evaluating the demand for acquiring new knowledge. 
But what is knowledge? Knowledge can simplified be seen 
as “actionable information” [9]. According to Wallace et al. 
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[10] there are three classes of knowledge: explicit knowledge 
provides explanations about products and processes 
(rationale). Understanding of products (strategies) and 
processes (relationships) is classified as implicit knowledge. 
Tacit knowledge is defined as intuition, about produces and 
processes. Knowledge that is extracted from the human’s 
mind can be stored externally as information. Information 
provides descriptions about products and processes. 
The scope of this paper is how to analyze the knowledge 
gap for a company being in the transition process to a PSS 
provider. This covers the inventory of the available 
knowledge as well as the estimation of the required 
knowledge for providing a specific PSS. Based on a PSS 
concept, the knowledge required for its development and 
delivery is defined. Since providing PSS requires not only 
different knowledge but also deeper knowledge, the level of 
knowledge is considered. The next section introduces the 
concept of knowledge maps. For considering knowledge 
levels in knowledge maps, section 3 describes an approach 
how to evaluate knowledge levels. Based on that, section 4 
introduces an approach for evaluating the knowledge gap of 
PSS providers. The application of the methodology is 
illustrated in a case study that has been conducted within a 
company in the mechanical engineering sector which is within 
the transition process into a PSS provider. 
2. Knowledge maps  
The knowledge of a company can be mapped in 
knowledge maps as presented by different authors. 
Knowledge maps do not store the knowledge but they depict 
which knowledge is available within an organization. One 
example for such knowledge maps is given by Wickel et al. 
[11] who use Multiple-Domain Matrices (MDMs) for 
depicting the as-is knowledge in a company or a department. 
The matrix consists of three domains: employees, tasks and 
knowledge. It is documented which employee executes which 
tasks and what knowledge is needed for each task. The meta-
model of the matrix is given in figure 1.  
 
 
Fig. 1. Meta-model of the MDM-based knowledge map [11] 
The information is acquired by interviews in which the 
employees specify and their tasks and link to required 
knowledge. The aggregation of the matrices for each 
interviewed employee delivers the knowledge map of the 
company or the department.  
This approach is enhanced for deploying so-called 
scenario knowledge maps for anticipating the knowledge that 
is needed by a company in the future by Schmidt et al. [12]. A 
knowledge map as given in figure 1 is drawn as following: 
The approach describes how to set up a scenario (such as the 
transition from products to services). The scenario is broken 
down into specific tasks that are assigned to employees and 
the required knowledge for each task and employee is 
defined. The comparison of as-is and scenario knowledge map 
allows for defining measures for developing the knowledge 
appropriately. 
3. Knowledge evaluation 
For the application for evaluating the knowledge of 
companies being in the transformation process into a PSS 
provider, knowledge levels have to be evaluated. As described 
above providing PSS needs a deeper knowledge. That aspect 
is not considered by Wickel et al. [11] and Schmidt et al. [12] 
so far. A definition of knowledge levels is and an approach to 
assess the knowledge levels is presented below.  
3.1. Knowledge levels 
Firstly, discrete knowledge levels have to be defined. A 
basis therefore is provided by educational research. The most 
common approach for evaluating the knowledge (as an 
outcome of a learning process) is “Bloom’s taxonomy” [13]. 
It consists of six levels: knowledge, comprehension, 
application, analysis, synthesis and evaluation. However 
Crooks [14] states that these six levels are too complicated for 
practical application. He suggests condensing the taxonomy 
on three levels: retain knowledge, application and problem 
solving. Detailed descriptions of the levels are given below, 
based on [13, 14]: 
x (1) Retain knowledge  
The first level describes the recalling and recognition of 
facts, patterns, processes, classification, criteria or 
categories. This level is characterized by its passive 
knowing and a limited ability to describe it.  
x (2) Comprehension  
The second level embraces comprehension and application. 
Comprehension is the ability to recognize simple 
correlations as well as the independent ability to explain. 
Application is the ability to apply knowledge in new 
situations.  
x (3) Problem solving  
This level comprises analysis, synthesis and evaluation. 
Analysis is the ability to decompose complex problems 
into fundamental elements and to recognize the relations 
between these elements. Synthesis is the ability to combine 
fundamental elements to a new system by developing a 
new structure. Evaluation is the ability to judge including 
internal and external validity based on a set of criteria. 
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3.2. Determination of knowledge levels 
Using these knowledge levels, an approach for 
determining these levels is presented. The simplest way to 
incorporate the level of knowledge into knowledge maps is to 
ask the employees about their own level of knowledge. 
However, self-evaluation is not trustable. Due to missing and 
neglected information, people tend to overestimate 
themselves. Therefore independent tests should be used [15]. 
However, time effort is one issue. In the following we present 
a new approach that is a compromise between validity and 
effort. 
For evaluating learning objectives applying Bloom’s 
taxonomy, learning objectives are described by a description 
of the content as a noun and the cognitive process as an action 
verb [16]. Checklists have been developed that assign these 
verbs for cognitive processes to knowledge levels for 
supporting the formulation of assessment questions [17].  
This approach is transferred to the evaluation for 
knowledge for providing product-service systems: the action 
verbs are used for linking tasks and knowledge within the 
knowledge map. The original approach for setting up MDM-
based knowledge maps was to link tasks with knowledge by 
using the relation “knowledge is required for executing task” 
(cp. figure 1). Now, the action verbs describing cognitive 
processes are used for the relations in order to consider the 
knowledge levels. The basic assumption is that the task 
profile determines the knowledge profile. The approach is 
clarified by a short example depicted in figure 2. 
 
 
Fig. 2. Evaluation of knowledge level 
Table 1 depicts a checklist for cognitive actions for the 
application within the context of PSS. The basis comes from 
educational research [17]. The checklist is enhanced by action 
verbs that have been extracted from Meier and Uhlmann [18], 
a text book describing the development and delivery of PSS. 
Action verbs have been extracted. Those being relevant for 
the evaluation of knowledge for PSS providers have been 
added to the list and assigned to the appropriate knowledge 
level on the basis of their definition as given in section 3.1. 
The PSS-specific action verbs are highlighted (*) in table 1. 
That approach allows for evaluating the knowledge level that 
is required for performing the current or planned tasks.  
Table 1. Taxonomy of knowledge 
Retain knowledge (1) Application (2) Problem solving (3) 
label 
identify 
list 
define 
describe 
tell 
state 
find 
 
categorize 
explain 
interpret 
compare 
distinguish 
predict 
apply 
calculate 
show 
construct 
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implement* 
put into operation* 
realize* 
design  
invent 
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responsibility* 
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research* 
4. Approach for Knowledge Evaluation for PSS providers 
After presenting an approach for the evaluation of 
knowledge levels in MDM-based knowledge maps, we 
integrate this into an overall approach for the knowledge 
evaluation. The approach consists of three steps: 
1. Set up as-is knowledge map 
2. Set up scenario knowledge map 
3. Evaluation of knowledge gap 
The steps are explained below. 
4.1. Step 1: Set up as-is knowledge map 
In the first step, the existing knowledge in the considered 
company is depicted in a knowledge map. In principal, the 
map is structured as proposed by Wickel et al. [11] enhanced 
by the knowledge level as described in section 3. For limiting 
the efforts, just these employees that have a high knowledge-
related impact on the transformation process into a PSS 
provider should be included.  
In a series of interviews, the tasks of the employees are 
acquired. The elicitation of tasks can be supported by job 
descriptions and process manuals. After that the knowledge 
for fulfilling these tasks are acquired. Thereby both the 
knowledge within the human minds as well as the access to 
externally stored information, e. g. in information systems and 
documents, is considered. For including the knowledge levels, 
the relations of the sub-matrix “Knowledge is provided by 
employee” are weighted by the maximum level of knowledge 
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required for fulfilling the tasks. Using checklists on 
engineering knowledge such as provided by Lindemann et al. 
[19] supports the formulation of knowledge elements and 
ensures completeness. 
Matrices for employees with identical tasks can be used for 
verification: differing relations or highly differing knowledge 
levels should be discussed with the employees. The result of 
this step is a mapping of the available knowledge from the 
interviewed employees.  
4.2. Step 2: Set up scenario knowledge map  
On the basis of that as-is knowledge map, a scenario 
knowledge map is deployed on the basis of a planned PSS. 
The problem formulation is: Which tasks do we have to 
execute for developing and delivering the PSS? Which 
knowledge is required for executing the tasks? Which 
employees should execute the tasks? The approach bases on 
Schmidt et al. [12], enhanced by knowledge levels.  
Firstly the PSS concept is broken down into its constituting 
services and those are broken down into tasks that have to be 
performed during development and delivery. If available, the 
elicitation of tasks is supported by project plans or process 
manuals. In the next step, knowledge is assigned to the tasks 
following the approach from the as-is knowledge map. The 
difference is that the knowledge map does not deploy the 
available knowledge but it deploys the required knowledge 
for delivering the PSS. The result is a scenario (target) 
knowledge map. Analogously to the as-is knowledge map, 
both knowledge within the humans mind as well as the access 
to externally stored information is addressed. If information 
(e. g. about life cycle costs) has to be acquired within the 
development of a PSS, that is addressed by defining the tasks 
and corresponding knowledge for acquiring that information. 
4.3. Step 3: Evaluation of knowledge gap 
After deploying the as-is knowledge map and the scenario 
knowledge map, the knowledge gap is determined. That is 
done by comparing the as-is knowledge levels and the 
required (scenario) knowledge levels. Therefore a portfolio as 
depicted in figure 4 can be applied: whereas the available 
knowledge level of a knowledge element (from the as-is 
knowledge map) is assigned to the abscissa, the required 
knowledge level (from the scenario) is assigned to the 
ordinate. New knowledge elements in the scenario are 
depicted with knowledge level 0 for the as-is state. 
Knowledge that is not required anymore is assigned with 
knowledge level 0 for the scenario state. The part of the 
portfolio above the diagonal consists those knowledge 
elements which constitute the knowledge gap, where the 
required level of knowledge is higher than the available level. 
In the part below the diagonal half the available knowledge 
exceeds the required knowledge. The criticality of the 
knowledge gap rises with the distance to the diagonal since 
the effort for reaching the required knowledge gap rises. 
That evaluation can be done on several levels: an analysis 
of the whole matrix allows for conclusions on the company 
level: What knowledge has to be built up or developed within 
the company? For a more in-depth analysis, the matrix can be 
broken down onto department or employee level considering 
the planned set of tasks: What knowledge has to be built up or 
developed within the department or transferred from other 
departments? What knowledge has to be acquired by the 
employee? Several scenarios for assigning tasks to employees 
can be set up and evaluated. Similarly single services and 
tasks can be analyzed.  
The result is transparency about the knowledge that has to 
be built up or acquired for being able to provide a specific 
PSS.  
5. Case study 
For an initial evaluation, the proposed approach has been 
applied in the service department of a medium-sized company 
being within the transformation process into a PSS provider. 
The company intends to provide a performance-based PSS 
including several services such as productivity consulting. 
The goal of the case study was to identify the knowledge that 
is required within the operation phase for delivering the 
defined PSS concept. Seven engineers and technicians 
involved in the service operation as well as two managers 
were involved in the case study.  
Firstly the as-is knowledge map was built up in seven-
semi-structured interviews with the service operation 
employees. In each interview a personal knowledge map for 
one employee was set up and by matrix addition the as-is 
knowledge map was calculated. The knowledge levels were 
assessed for two representative employees. 
Based on the as-is knowledge map, the scenario knowledge 
map was set up in a workshop with the two managerial 
employees from the service department. Since they have to 
implement the PSS, the managers were selected for setting up 
the scenario knowledge map. The process of setting up that 
scenario required them to concretize the PSS and break it 
down into tasks being done by their department as well as 
required knowledge for fulfilling these tasks. 
Additional tasks for the service operational employees as 
well as additional knowledge including knowledge levels 
were defined and linked within the knowledge map. Thereby 
the as-is knowledge map was transferred into the scenario 
knowledge map. The result is depicted exemplarily in figure 
3.  
A new task was “Remote Services”; new knowledge was 
“Remote platform” and “PSS contracts”, which are necessary 
in order to provide the planned PSS. By trend, the required 
levels of knowledge for the scenario knowledge map were 
higher compared to the as-is map. The available and required 
knowledge for the department is depicted exemplarily in 
figure 4.  
The validity of the results was reviewed by anonymous 
questionnaires handed to the participants of the case study. 
Two of them were returned. Both confirmed the validity of 
the knowledge gap. The benefits for the company were 
discussed with the managers. They emphasized that the results 
have the right granularity for defining specific measures for 
closing the knowledge gap. 
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Fig. 3. Scenario knowledge map (excerpt) 
 
 
Fig. 4. Knowledge portfolio 
6. Conclusions 
This paper presents a methodology for the evaluation of 
knowledge for companies transforming from a traditional 
manufacturer of technical products into a PSS provider. The 
scope of the paper is to support the identification of required 
knowledge for developing and delivering a specific PSS as 
well as its evaluation in the reference of the available 
knowledge within the company. This allows for getting 
transparency about the knowledge gap that has to be 
overcome within the transformation process. 
The approach applies MDM-based knowledge maps as 
presented by Wickel et al. [11] and an approach for defining 
scenario knowledge maps presented by Schmidt et al. [12]. 
These approaches have been enhanced by considering 
knowledge levels. The paper presents an approach for 
deriving the knowledge levels from the tasks to be fulfilled by 
a person. The basis therefore is a taxonomy for classifying 
learning outcomes. A widely-used approach in educational 
research was reframed for knowledge management. The 
taxonomy that can be applied for formulating exam questions 
(a specific knowledge level is available if the question can be 
answered correctly) is used for deriving knowledge levels 
from tasks to be fulfilled. 
That promises for being more reliable than a self-
assessment because impartial criteria are used for defining the 
knowledge level. On the other hand the approach is less time-
consuming than a more reliable impartial test. The approach 
allows for an estimation of the knowledge profile for an 
employee with a specific task profile. The approach only 
considers for the knowledge within the current tasks, 
neglecting knowledge beyond that.  
The proposed methodology considers the knowledge that 
is available within a company or the departments that are 
planned to be involved into the delivery of a PSS. That 
extensive approach gives a comprehensive indication about 
the missing knowledge for the transformation into a PSS 
provider and thereby goes beyond existing approaches that 
focus on specific knowledge. However the level of abstraction 
is higher and thus the proposed methodology gives less 
detailed insights. The methodology is able to point out, which 
knowledge is missing or which knowledge is needed in a 
higher level and thus indicates for knowledge management 
measures. Measures incorporate the acquisition of external 
knowledge, building up the knowledge or distributing it 
within the company [20]. 
Besides approaches for closing the knowledge gap, also 
chances and risks for the transformation process into a PSS 
provider can be derived: Principally a knowledge gap is a risk 
for the company if they fail in building up the required 
knowledge. However it is also a chance since it allows for 
differentiating from the competition when the company 
succeeds in building up the knowledge. A possible benefit of 
PSSs is the differentiation from the competition as well as a 
protection against imitation (cp. [21, 22]). Raising knowledge 
levels contribute to that protection and thus are also a chance 
for the PSS provider. On the other hand lower required 
knowledge levels may be a risk since a possible 
differentiating from the competition (through a knowledge 
advantage) drops. So the approach gives the basis for 
discussing knowledge-related chances and risks.  
Based on a case study, we identified several benefits for 
companies, resulting from the application of the methodology. 
Besides transparency about the required and missing 
knowledge, the approach fosters discussions within the 
company about how to implement a PSS. Breaking it down 
into services and those into tasks and assigning required 
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knowledge needs to specify how to implement the PSS. 
Within that discussion also different viewpoints on the 
transformation process into a PSS provider are getting 
transparent and can be adjusted. 
The applicability of the approach has been shown in the 
case study covering the delivery within operation phase. 
Correct and useful results could be elaborated. However, 
setting up the scenario knowledge map was perceived as 
“reading tea leaves” by the company’s employees involved 
into the case study during its acquisition. Whereas breaking 
down the operation of the PSS into tasks was still feasible, 
defining knowledge as well as knowledge levels was 
cumbersome. However, the applicability for other phases, 
especially the development phase, has still to be shown. 
Within the case study, the regarded PSS delivery was well 
defined, so the elicitation of the tasks was relatively easy. For 
the ambiguous development phase, that will be more 
challenging, needing appropriate tools and methods. 
Concluding the proposed methodology could be applied 
successfully in an industrial case study, covering the operation 
of a PSS, and delivered valuable results regarding the 
knowledge gap for providing PSS as well as chances and risks 
from the transformation process into a PSS provider. 
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